Chapter 8

Applications of Definite Integrals

Section 8.1 Integral as Net Change (pp. 383—-393)

Exploration 1 Revisiting Example 2

1. f’(x)=d—y= ! ,and
dx  2x+1
3
s(0)=0—+i+c=9:>C=1
3 0+1
8
Thus, s(t)=—+—+1.
3 1+l
3
2. s(1)=1—+i+1=ﬁ. This is the same as
3 1+1

the answer we found in Example 2a.

3
3. s(5= 5—+i+1 =44. This is the same
3 5+1

answer we found in Example 2b.
Quick Review 8.1
1. On the interval, sin 2x = 0 when
X = —%, 0, or % Test one point on each
subinterval: for x = —%, sin2x =1; for
X = —E, sin2x =—1; forx = E, sin2x=1;
4 4

and for x =Z—72[, sin2x = —%. The function

changes sign at —%, 0, and % The graph is
f®

+ - + .
T
2

X

IR
iy T
=)
iy 4

2. x>-3x+2=(x-1)(x-2)=0whenx=1or
2. Test one point on each subinterval: for

x=0, x? - 3x+2=2; for x:%,

x? —3x+2=—i; and for x =3,

x?—3x+2 =2. The function changes sign at
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1 and 2. The graph is
! + [ + |f(X)x

-2 1 2 4

3. x*—2x+3=0 has no real solutions, since

b%— dac = (=2)* = 4(1)(3) = -8 < 0. The
function is always positive. The graph is
N f)
; —x

4 2

4. 20322+ 1= (x=1)> 2x + 1) =0 when
xX= —% or 1. Test one point on each
subinterval: for x = -1, 203 337+ 1= —4;
forx=0, 2x° =3 x>+ 1 = 1; and for x=%,
2x® =3x% +1=1. The function changes sign
at —%. The graph is

N + o+

-2

1
2
5. On the interval, x cos 2x = 0 when
T 37 hY/4
x=0,—, —, or —.

4 4

. . T
Test one point on each subinterval: for x = 3

2

xcos2x=——; forx zz, Xcos2x = _f;
16 2 2

for x = &, x cos 2x = m, and for x = 4,
x cos 2x = —(.58. The function changes sign at

T 3x hY/4 .
—, —, and—. The graph is
4 4 4
! + ! _ ! + |7|j(X)
T T T — X
0 T 3z Sm4
4 4 4

6. xe * =0 when x =0. On the rest of the

interval, xe™* is always positive.

7. 2x =0when x =0. Test one point on each
x“+1
subinterval: for x = -1, 2x = —l; for
x°+1
X 1 . .
x=1, =5 The function changes sign
x“+1
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436  Section 8.1

at 0. The graph is

= N .f(x)x
-5 0 30
x2=2 &)
8. 5= 0 when x =#+/2 and is undefined when x = +2. Test one point on each subinterval: for x = Y
x" =4
2 _ 2 2 2
x2 217 forx=-10, x2 2 413 forx=0, x2_2 L forx=109, x2 2 __ 413 and for
x -4 9 x~ -4 x -4 2 X~ =4
2 J—
= %, x2 2 % The function changes sign at -2, —/2, /2 and 2. The graph is
x° =4
P + |_|+|f(X)x
-3 22 V22 3
9. sec [1 +4/1 —sin? x] = . is undefined when x = 0.9633 + kzor 2.1783 + kzfor any integer k.
cos(1+ |cos x|)

Test for x = 0: sec (1 ++/1—sin> 0) ~—2.4030.

Test for x = £1: sec(l +4/1—sin? 1) =32.7984. The sign alternates over successive subintervals. The

function changes sign at 0.9633 + k& or 2.1783 + k z, where k is an integer. The graph is
fx)

-, +

T T T T
—2.1783 -0.9633 0.9633 2.1783

- +
] ] ] X

10. On the interval, sin [lj =0 when % or 2L Test one point on each subinterval: for x = 0.1,
X T T

sin 1 =—0.54; x :ly +4 and for x =0.2, sin 1 =—0.96. The graph changes sign at L, and L The
X 4 X 3z 2r
graph is

T + ! |f(X)x
0.1 L 1 0.2

3 2r

Section 8.1 Exercises
1. (a) Right when v(t) > 0, which is when
cost>0,i.e.,when 0<¢ <§ or 37” <t <2rx. Left when cos t < 0, i.e., when §< t< 377[ Stopped
when

. n  3r
cost=0,i.e., when t =— or —.
2 2

by
(b) Displacement = I() Scostdt

= 5[sin t]g”
=5[sin 27 —sin 0]
=0

Final position =3+0=3
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(¢) Distance = I§”|5 cos t| dt

/2 3r/2 2w
:I 5005tdt+_[ —SCostdt+I S5costdt
0 /2 3r/2

=5+10+5
=20

2. (a) Right when v(#) > 0, which is when sin 37 > 0, i.e., when 0 < < % Left when sin 3¢ <0, i.e., when
T

3 <t S%. Stopped when sin 3t =0, i.e., when t =0 or %

. /2 .
(b) Displacement = I 0 6sin 3 dt

1 /2
= 6[——0053t}
3 0

=-2 |:cos3—ﬂ- —Cos O}
2
=2

(¢) Distance = Ig/2|6 sin 3t| dt

/3 12
=j” 6sin3tdt+j” —6sin 3t dt
0 /3
=4+2
-6

3. (a) Right when v(f) =49 -9.8¢t> 0, i.e., when 0 <r< 5.
Left when 49 — 9.8t < 0, i.e., when 5 < t < 10.
Stopped when 49 — 9.8¢ =0, i.e., when = 5.

10
(b) Displacement = IO (49-9.8¢t)dt

10
- [49: —4.9¢2 JO

=49[(10-10)-0]
=0
Final position=3+0=3

(¢) Distance = [ *|49-9.81[ds

5 10
=, (49-9.8ndi+ [ (~49+9.80dr

=122.5+122.5
=245

4. (a) Right when v() = 61— 18¢+ 12 = 6(t—1)(t-2)>0,ie,when0<r< 1.
Left when 6(¢ — 1)(r — 2) <0, i.e., when 1 < ¢ < 2. Stopped when 6(t — 1)(¢ —2) =0, i.e., when =1 or 2.

Copyright © 2012 Pearson Education, Inc. Publishing as Prentice Hall.



438  Section 8.1

(b)

(V]

(b)

(0

(b)

(V]

2
Displacement = .[0 (6t2 —18t+12)dt

2
- [2:3 —9r2 4 12@0

=[(16-36+24)-0]
=4
Final position=3+4 =7

2
Distance = Distance = IO ‘6t2 —18t+ 12|dt
L2 2 2
= jo(et —18t+12)dt+L (—6t> +18t —12) dt
=5+1
=6
. L. . . T 3
Right when v(#) > 0, which is when sin ## 0 and cos 7 > 0, i.e., when 0 < 7 < E or 7 <t <2 Left

. . T 3 .
when sin ¢ # 0 and cos £ < 0, i.e., when E< t<7m or 7z’<t<7. Stopped when sin =0 or cos =0,

i.e., whenr=0, g, T, 3—7[ or 2r.
2 2

. 2r_ . o
Displacement = IO 5sin“tcostdt

1 2
= 5[—sin3 t}
3 0

=5[0-0]
=0
Final position=3+0=3

. 27| . 2
Distance = I() 5sin tcost| dt

/2 _ . 3r/2 . 2 .
:I 551n2tcostdt+j —551n2tcostdt+j 551n2tcostdt
0 /2 3r/2

5 10 5
=—4+—+—

3 3 3

20

3

Right when v(z) > 0, which is when 4 — £ > 0, i.e., when 0 < ¢ < 4. Left: never, since +4—¢ cannot be
negative. Stopped when 4 — r=0, i.e., when t = 4.

. 4\/— 2 3/2 + 2 16
Displacement = .[() 4—tdt= —5(4—t) :—5[0—8] 2?
0

Final position=3+ ? = ?

Distance = Ig N4d—tdt= ?
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7. (a) Right when v(f) > 0, which is when cos 7 > 0, i.e., when 0<7< % or 37” <t < 2m. Left when cos t <0,

i.e., when §< t< 377[ Stopped when cos =0, i.e., when ¢ =§ or 3—”

2 . . 27
(b) Displacement = IO ”esmt costdt = [esmt J 0 = [60 —eo] =0
Final position=3+0=3

. 27| o 2 3r/2 : 2 :
(¢) Distance = .[() S cost‘ dt = IO/ M cost dt +J‘ /é - costdr + M cost dt
T

3z/2
=(e—1)+(e—l)+£1—lj
e e

= Ze—% =47

e

8. (a) Right when v(#) > 0, which is when 0 < ¢ <3. Left: never, since v(¢) is never negative. Stopped when
t=0.

3
(b) Displacement = %dt
014+

1 3
={—ln(1+12)}
2 0
=%[1n(10)—1n(1)]
_ In10

=1.15

In10

Final position=3+ =4.15

t df = In10

=1.15

3

(¢) Distance = I
0 2

1+1¢

9. (@) v()=[at)dr=1+ 2692 4.C, and since v(0) = 0, v(r) = £ =+2t72. Then v(9) = 9 + 2(27) = 63 mph.

32

3/2 LI
3600 1800

(b) First convert units: 7+ 2¢

mph = mi/sec. Then

3/2

9

Distance=j Lth— dt
0{ 3600 1800

9
2 Sk
= —4—
7200 4500 0
2 27
800 500
=0.06525 mi
=344.52 ft.
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10. (a)

(b)

11. (a)

(b)

()]

(d)

Displacement = J‘(j (1—2)sinzdt

= [sint—tcost+2cost]:)1

=|[(sin4—4cos4+2cos4)-2]
~—1.44952m

Because the velocity is negative for 0 < f < 2, positive for 2 < 7 < 7, and negative for 7 <t <4,

2 4

Distance=j0 —(t—2)sintdt+I:(t—2)sintdt+jﬂ —(r=2)sinzdr

=[(2—-sin2)+(xr—sin2—-2)+(wr+2cos4—sin4—-2]
=2r+2cos4—2sin2—-sin4—2=1914m.

w(t) = j a(t)dt = j —32dt =-32+C;, where C; =v(0)=90. Then v(3) = -32(3) + 90 = —6 ft/sec.

s(t) = jv(r) di =161 +901 +C,, where C,= 5(0) = 0. Solve s(f) = 0: —161> + 90t = 2i(— 8 + 45) = 0

Whent:OOrt:A;—S:5.625 sec.

The projectile hits the ground at 5.625 sec.

Since starting height = ending height, Displacement = 0.

Max. Height = s[

2
=_16[5.625j +90[5.625j
2 2

=126.5625,
and Distance = 2(Max. Height) = 253.125 ft.

5.625j

12. Displacement = IOC v(t) dt

=—4+5-24
=-23cm

13. Total distance = Ig|v(t)| dt

=4+5+24
=33cm

14. Atr=a,s=s0)+ jO“v(t)dz=15—4=11.

b
Att=b,s=s(0)+ jo w(t)dt =15-4+5=16.

Att=c,s=s0)+ Iocv(t)dt =15-4+5-24=-8.

15. Att=a, where v is at a maximum (the graph is steepest upward).

dt

16. Att=c, where ? is at a maximum (the graph is steepest upward).
t
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17. Distance = Area under curve
2
=4

(a) Final position = Initial position + Distance
=2+4
=6; ends at x =6.

(b) 4 meters
18. (a) Positive and negative velocities cancel; the sum of signed areas is zero. Starts and ends at x = 2.
(b) Distance = Sum of positive areas

=4(1-1)
= 4 meters

7
19. (a) Final position =2+ jo v(t)dt

1 1 1 1
=2 —E(l)(2) + 5 D2)+1(2)+ 5 22— 5(2)(1)
end at x = 5.

®) ["po]d = 0@+ 2D +12) +2 22 += @)D
0 2 2 2 2
=7 meters

10
20. (a) Final position =2+ jo W(t)

1 1 1 1
=2+ 5(2)(3) - E(l)(S) -3 - 5(1)(3) + 5 33)
=-2.5;

ends atx =—2.5
. 10
(b) Distance =I0 |v(t)|dl
1 1 1 1
= 5(2 -3) +5(l)(3) +3(3) +5(l)(3) +5(3)

=19.5 meters

10
21. IO 27.08- €% dr = 27.08[25¢//

=27.08[25¢% —25]
= 332.965 billion barrels
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22,

23.

Section 8.1

j {39 24S1n }

o ( 3
[y

=93.6 kilowatt hours
(a) Solve 10,0002 — r) = 0: r =2 miles.

(b) Width =Ar; Length =27r;
Area =2xrAr

(¢) Population = Population density X Area
2
(@) j , 10,0002~ r)(27r)dr

2
= 20,000;zjO Qr—r2)dr

2
=20,0007{r2 —1r3}
3D

1.

(00, 7

24. (a) Width = Ar, Length= 27r:

Area = 27mrAr

(b) Volume per second
= Inches per second x Cross section area

810—r3) 2. 27r)Arin?
sec
. 3

. in
=flowin—
sec

© js 8010 = r2)(27zr)dr

3
=16nj0 A0r—r)dr

3
=167{5r2 —qu
4

0
=167Z|:(45—§j—0:|
4
.3 .3
=3967 2 ~ 1244072
secC seC

25. (a) Sum of numbers in Sales column

=797.5 thousand

(b) Enter the table in a graphing calculator
and use QuadReg:

B(x) =1.6x% +2.3x+5.0.

11 2
(©) IO (1.6x% +2.3x+5.0) dx

11
[105,23,0,5,
3 2
= 904.02 thousand

0

(d) The answer in (a) corresponds to the area
of left hand rectangles. These rectangles
lie under the curve B(x). The answer in (c)
corresponds to the area under the curve.
This area is greater than the area of the
rectangles.

26. @) [\ (165> +23x+50)dr

10.5

3
=~ 798.97 thousand

=[E 3,23 2+50x:l
2 05

(b) The answer in (a) corresponds to the area
of rectangles whose heights are the actual
sales (“midpoint rectangles”). The curve
now gives a better approximation since
part of each rectangle is above the curve
and part is below.
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27.

28.

29.

30.

31.

32.

33.

34.

Treat 6 P.M. as 18 o’clock:
b—a n—1
B PACR; 221G+ ()
i=1
18-8

Section 8.1

= 2 [120+2(110)+2(115)+2(119)+2(120)+2(120) + 2(115) +2(112) +2(110) +(121)]

2(10)

=1156.5

(Answer may vary.)

443

Plot the speeds vs. time. Connect the points and find the area under the line graph. The definite integral also

gives the area under the curve.

F(x) =kx; 6 =k(3), so k=2 and F(x) = 2x.

(a) F(9)=2(9)= 18N

(b) W= jog F(x)dx

= .[09 2xdx

=[x°13
=81N-cm

F(x) = kx; 10,000 = k(1), so k = 10,000.

d
(a) W =j0 kx dx

d
:{lkxz}
2

a2
2

= %(10, 000)(0.5)°
=12501inch- pounds

(b) For total distance: W = %(10, 000)(1)2 =5000
For second half of distance: W= 5000 — 1250 = 3750 inch-pounds

False; the displacement is the integral of the velocity from #=0 to =15 and is positive, since the region that
is under the graph and above the horizontal axis is larger than the region that is above the graph and below

the horizontal axis.

True; since the velocity is positive, the integral of the velocity is equal to the integral of its absolute value,

which is the total distance traveled.

C; to the nearest whole square, the area under the curve covers 12 grid squares. (12)(50)(6) =3600.

D; 5 +%(4+2(8)+ 2(6)+2(9) +2(10) +10) = 125.

Copyright © 2012 Pearson Education, Inc. Publishing as Prentice Hall.



444  Section 8.1

35. B: j (12+6cos[ Ddz_lzzmﬂsm[tj
T

=725.

60

0

10

36. A: J‘lo 20605 gt = —40-05 10 — 40
0 0
12-0)
37. 212) [0.04+2(0.04) + 2(0.05) + 2(0.06) + 2(0.05) + 2(0.04) + 2(0.05) + 2(0.04) + 2(0.06) + 2(0.05) + 0.05]

=0.585

0-585 _ 0.04875.

The overall rate, then, is

38. (122(12())) [3.6+2(4.0)+2(33.1)+2(2.8) +2(2.8) +2(3.2) +2(3.3) + 2(3.1) + 2(3.2) + 2(3.4) + 2(3.4) +2(3.9) + 4.0]
=40 thousandths or 0.040
M xdm
39, (@) ¥=—2 = ZMN% Taking dm = GdA as my and letting dA — 0, k — o yields J .
M ) ny, J.dm
M ydm
b)) y= —k_ z . Taking dm = §dA as my, and letting dA — 0, k — oo yields I .
M ka fdm
40. By symmetry, x =0. For y, use horizontal strips:
I ydm
y=
Idm
I yodA
X
j ydA
Nz
4
Jo ¥(24/y)ay
4
2y dy

Jo
4]
Ei

5
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. By symmetry, y =0. For X, use vertical

Section 8.2 Areas in the Plane (pp. 394-402)
Exploration 1 A Family of Butterflies

1. Fork=1:

jg[(z—sinx)—sinx]dx =j(f(2—2sinx)dx

=[2x+2cos x]§
=2r—4
For k=2:

j(f/ 2[(4=2sin 2x) — (2sin 2x)] dx

2
- j(;’/ (4— 4sin2x) dx
=[4x+2cos 2)c]6[/2
=2r—4
. It appears that the areas for k > 3 will continue
to be 27 —4.

w/k . .

A =j0 [(2k — k sin kx)— k sin kx] dx

- K/ * [(2k = 2k sin k) dx

If we make the substitution u = kx, then
du = k dx and the u-limits become 0 to 7z Thus,

A, =j:/ * [(2k = 2k sin kx) dx
=j:/ *[(2=2sin kx)k dx

:I:(Z—Zsinu)du.

4.

S.

Section 8.2 445
2r—4

Because the amplitudes of the sine curves are
k, the kth butterfly stands 2k units tall. The
vertical edges alone have lengths (2k) that
increase without bound, so the perimeters are
tending to infinity.

Quick Review 8.2

1.

1

w

el

W

L;rsinxdx= [—cosx]§ =—[-1-1]=2

1
J.lezxdxz l€2x 21(62—1)
0 2 o 2

4
jZMseczmxz[tanx]’_ff;}4 —1-(-)=2
2
j2(4x—x3)dx={2x2 —lxq
0 4"
—(8-4)-0
-4

3
J._s \9- x> dx= 97” (This is half the area of a

circle of radius 3.)

Solve x> —4x=x+6.

x2=5x—6=0
(x=6)(x+1)=0
x=6orx=-1
y=6+6=120ry=-1+6=5
(6, 12) and (-1, 5)

Solve e* = x+1. From the graphs, it appears
that e* is always greater than or equal to
x + 1, so that if they are ever equal, this is

when e¢* —(x+1) is at a minimum.

di[ex —(x+1D]=e" -1 is zero when e =1,
X

i.e., when x = 0. Test: &’ =0+1=1. So the
solution is (0, 1).

Inspection of the graphs shows two
intersection points: (0, 0), and ( 7z, 0). Check:

2

02-7-0=sin0=0 and 72 -72 =sin 7=0.
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9. Solve 22x =x.
x~+1
(0, 0) is a solution. Now divide by x.

2
=x2

x> +1
2=x*+x
P +x?-2=0
2 —lim

2= ord
2

Throw out the negative solution.
x=xI1

y= =41

0,0), <I,-Dand (1, 1)

2

10. Use the intersect function on a graphing
calculator:

.52!25631 ¥=.80079795
[-2,2] by [2,2]
(~0.9286, —0.8008), (0, 0), and

(0.9286, 0.8008)

Section 8.2 Exercises

T
1. J'” (l—coszx)dx= lx—lsin2x .
0 2 4 0o 2

2. Use symmetry:
/3
JW (lsec2 t +4sin® tjdt
-/3\ 2

/3 .
= I() (SCC2 +8sin’ t)dt

. /3
=[tant+ 4t —2sin 2t]g

{9}

_4r

3

1
| ) 3 1 3 1 4 1
3. —y)dy=|=y’-— =—
jo(y y ) dy [3y 20 12

4. F'(x)=+x"—1,
COS x

3(sin x)*3
= {—3)}4 -i—%y3 + yz}

=—3+Q+1
3

%(1+3sinx)=
1

0

5. Use the region’s symmetry:

2]02[2;8 — (= 2x)]dx

2
= 2]0 (—x* +4x%)dx

6. Use the region’s symmetry:

| 15 257
2[ (2 +2xHde=2| = +25°
0 37 5

0

7. The functions intersect at x = —1.4096 and
x =0.6367.
J-O.6367

—1.4096[(1 x“)—sin x]dx =1.670.

8. The functions intersect at x = £1.152961.
“-1.152961

[cos 2x — (x% —2)]dx = 4.332.
—1.152961
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3 2

! 2
10. J.;xzdx+_[12(—x+2)dx:x? +[—%+ 2x]
0 1

13 22 12
_?—0+{—7+ 2(2)]—{—?&(1)]

| W

NG V2
1 [5G -02-dy = [ a-2%)dy

3 V2
o
Y a
Caz 202 [y 22
3 3
=¥z7.542

2
12. -.'3/2 Z_(y*=3) |dy= __?_}_ y

—-3/2
2 3
2% @ (-3) (-3)
=T"T+3(2)‘[%‘—32 +3(=3)
—70 7146
48

13. ﬁ)z((zaﬁ —x? =5x) = (=x% +3x)) dx + joz (—x% +3x— (2% —x% —5x))dx

(9,43 2 3
= I_2(2x —8x)dx + jo (=2 +8x)dx
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14. j__;(—x+2—(4—x2))dx+j_21(4—x2 —(—x+2))dx +j23(—x+2)—(4—x2)dx

! 2 2 2 3 2
—j_z(—x—2+x )dx+J-_1(x+2—x )dx+jz(—x—2+x )dx

[ 2 X3J‘1 {xz X3J2 ( 2 X3J
= x| | 2| | -2+
2 3 2 3 2 3

) -1 2
R N G A I (-2) 2? 23 (=% 1) (SN 1)
_[ > 2(-1)+ 3 { > 2(-2)+ ; N [2 +2(2)— +2(-1)—

32 33 22 23
+[—7—2(3)+?—{———2(2)+?N

3

2

15. Solve x2—2=2: x% = 4, so the curves intersect at x=%2.

I_22[2—(x2 —2)]dx = j_22(4—x2)dx
sie]
={4x——x
31
L3
3 3

_»
3

~102
3
16. Solve 2x—x> =-3: x> -2x-3= (x—=3)(x+1)=0, so the curves intersect at x = —1 and x = 3.
3 1 .
I_l(Zx—xz +3)dx = {xz —§x3 +3x}
-1

1
=09-9+9)—|1+=--3
©-9+9-(1+1-3]

_»
3

~102
3

17. Solve 7—2x* =x*+4: x> = 1, so the curves intersect at x =*1.
1 1
j_l[a 23— (2 + 4)de =[[ 3 +3)ax
1
= 3j_l(l—x2)dx

1
=3|:)c—l 3}
31

Copyright © 2012 Pearson Education, Inc. Publishing as Prentice Hall.



18.

19.

20.

2 X

Section 8.2 449

Solve x* —4x% +4=x% x*—5x*>+4= (x2 —1)(x2 —4)=0, so the curves intersect at x = £1, £2. Use the
region’s symmetry:

1
2]0

_(x4 —4x? +4)—x2}dx+2.[12[x2 —(x4 —4x? +4):|dx

1 2
= 2jo(x4 —5x2 +d)dx+ 2[1 (—x* +5x% —4) dx

1 2

lx5 —§x3 +4x} +2{ —lxs +§x3 —4x}
5 3 o 5 3 |

l—§+4 +2 —£+ﬂ—8 - —l+§—4
15 3 5 3 5 3

2

. L 0.739
The curves intersect at x =0 and x =+ a. Use the region’s symmetry: .[0 (cos x—x)dx.

3
2

Ii—ga, 74 by [—az, az]

[-2, 12] by [0, 3.5]

The

curves intersect at three points: x=—-1,x=4and x=9.
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450 Section 8.2

Because of the absolute value sign, break the integral up at x =0 also:

0 4 9
[ (x+6—\/—_xjdx+_[ (“6_&](1“] (\/;—x+6jdx

-1 5 o 5 4 5

- 0 4 9

1x2+6x lx2+6x ) ) 1x2+6x
0 A P L _25n| (|28 2
5 3 5 3 3 5

L -1 0 4
oo ML 2 (22218 g || (18182 ) (16 _32

L 10 3 5 3 10 3 5

21.

[=5. 5] by [-1, 14]
The curves intersect at x = 0 and x = 4. Because of the absolute value sign, break the integral up at

2
x =%2 also (where X2 —4‘ turns the corner). Use the graph’s symmetry: (x) = = ﬂ'(%j =r(l- X2 )2.

22. Solve y2 =y+2 yz—y—2=(y—2)(y+l)=0, so the curves intersect at y=—1 and y = 2.

23. Solve for x: x =yT—1andx=%+4.

2 2
Now solve 2——1=244. 2 _Y_5_0,
4 4 4Ty

¥ —y=20=(y-5)(y+4) =0.
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24.

25.

The curves intersect at y = —4 and y = 5.

SIY y?
[l =+4|-| =1 ]]ay
-4/ 4 4
2
5
=I SRR A dy
-4l 4 4
5
302
y Yy
=|——+—4+5
{12 8 y}
—4
= —E+§+25 - E+2—20
12 3

8
2
8

- 302
8

Solve for x: x = y2 andx=3- 2y2. Now solve

y2 =3 —2y2: y2 =1, so the curves intersect at

y=x=l1.
Use the region’s symmetry:

1 1
2[,G-2y" —y)dy =2 3-3y")dy

= 6] (1-y")dy

Solve for x: x= —y2 andx = 2—3y2. Now

solve —y2 =2 —3y2: y2 =1, so the curves
intersect at y ==x1. Use the region’s
symmetry:

1 1
2f,2-3y" +yP)dy=2[ 2-2y)dy

=4[ -y dy
1 5]

-3

Ay
3

1l
w | oo

26.

27.

28.

29.

Section 8.2 451
Solve fory: y=4- 4x* and
A(x) = zr? = zx*. Now solve
4-4x* =x*—1:
P +ax® -5=(2 =) (2 +5)=0.

The curves intersect at x ==+ 1.
Use the region’s symmetry:

A(x) = zr?
=n(x— X2 )2
= 7r(x2 —2x3 4+ x4)

= 2[—lx5 —ix3 +5x}
5 3

45

1

0

104
15
_eld
15

2

Solve for x: x:3—y2 and x=-2—.

2
Now solve 3— y? =—yTI v =4,

so the curves intersect at y = £2.
Use the region’s symmetry:

2 2
2 2y _ 2 3_))
2]0{3—y +7de_2j0[ e ]dy

2
3
:2{3))—}]—}
4
0

=2(6-2)-0
=8

The curves intersect at O and 7, so the area is:

T
I”(Zsinx—sin 2x)dx = —2cosx+lcos 2x
0 2 o

=||2+ 1 -2+ l
2 2
=4
Use the region’s symmetry:
/3
2.[(;[ (8cosx— sec’ X)dx

= 2[8sin x—tan x]7/

=2[(4x/5—«/§)—0}
=63
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30.

31.

32.

Section 8.2

4 k]
[-1.1, 1.1] by [-0.1, 1.1]

The curves intersect at x =0 and x = %1, but
they do not cross at x = 0.

1
2.[ 1- x> —cos zx dx
0 2

[ 2 T !
=2 x—=x" ——sin(—xj
3 T 2]

A2

:i—i: 0.0601
3

[-1.5, 1.5] by [-1.5, 1.5]
The curves intersect at x = 0 and x = £1. Use
the area’s symmetry:

2]1 sin| 75| x dx
0 2

Use the region’s symmetry, and simplify
before integrating:

14
2_[(;[ (sec2 x—tan? x)dx
/4
- 2[(;[ [sec? x—(sec? x—1)]dx
/4
= 2]0 dx

= 2[x]E"
VA

2

33.

34.

3s.

36.

37.

Use the region’s symmetry:
14 14
2.[(;[ (tan2 y+ tan’ y)dy = 4.[(;[ tan’ ydy

/4
=4ftan y— yI§

)]

=4-7=0.858

/2

12
L;r 3sin y4/cos ydy = 3{—%(0% y)yz}

0

E3x/x+3dx—jé(2x)dx

1

—X

2 3/2 2‘1
=—(x+3
3( )

3
=§(1+3)3’2 —%(—3+:«5)3’2 ~(12-0%)
~4.333

I12(4—x2)dx—J.;(3x)dx

1 1

2
-2 0

3 3 2
:4_1__[4(_2)_1]_{ﬂ_0j
3 3 2

Solve for x: x = y3 and x =y.

The curves intersect at y = 0 and y = 1. Both
functions are odd. Use the area’s symmetry:

1
1 1 1 1
2f0(y—y3)dy = 2[?2 —Zy“l) )
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1 .
y=xandy= — intersect atx = 1. Integrate
in two parts:

1 2
1 2
I xdx+.[ de={lx2} +[—l}
0 1 _x2 2 X

0 1

1 1
—5{‘5‘(‘”}

=1

39. The curves intersect when sin x = cos x, i.e., at

T
x=—.
4
/4 . . /4
.[() (cos x —sin x) dx =[sin x + cos x]
=J2-1
40. st
1 1 1 LJ 1 1 é

(a) The curves intersect at x = + 2.
Use the region’s symmetry:

2 2
2j0 (3—x? +1)dxzzjo (4-x?)dx

Section 8.2 453

(b) Solve y=3—x? forx:x=+,/3—y. The
y-intercepts are —1 and 3.

3
[C2pyay= 2|:—§(3—y)3/2}

e

41. (a) y

/=

5
y=4 \
(-2, 4)\ / 2,4

y=c
Ve, ¢) r (e, 0)

If y=x2 =c, thenx= ++/c. So the

points are (—\/c—, c) and (JZ, c).

(b) The two areas in Quadrant I, where
X =./y, are equal:

4
foras= [
2
Izo\/1+(3—”coss—”xj dx,
0 20 20

232 _2502_ 2030

3 3 3
2032 =38
32 _y

o= 4213 _ 403
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454  Section 8.2
(c) Divide the upper right section into a (4 — ¢)-by- Je rectangle and a leftover portion:
Je 2 2 2
[) (e=x?)de= (4—c)\/E+IJ;(4—x )dx

0

63/2_%63/2 =4\E—c3/2+K8—§j—(4\ﬁ—%cmﬂ

%(33/2 :4\/;_63/2+§_4\/;+1 3/2

1TV 15T
{cx——xﬂ =4\/Z—c3/2-{4x——x3}
3 300

C
3
432 _16
3 3
A2y
o= 423 403

42,

[-1,5]by [-1, 3]
The key intersection points are at x = 0, x = 1 and x = 4. Integrate in two parts:

I;[1+\/;—%de+jl4[%—ijdx

(]

43. First find the two areas.

For the triangle, %(Za)(az) =a

a
a 1 4
For the parabola, ZI (a2 —xz)dx —2|la*x—=x| =243
0 3 o 3
a3
The ratio, then, is T3 = Z, which remains constant as a approaches zero.
2a
3

b b
44. L [2/ ()= f(x)]dx = ja f(x)dx, which we already know equals 4.

45. Neither; both integrals come out as zero because the —1-to-0 and 0-to-1 portions of the integrals cancel each
other.

46. Sometimes true, namely when dA = [ f(x) — g(x)] dx is always nonnegative. This happens when f(x) 2 g(x)
over the entire interval.
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47.

48.

49.

50.

51.

52,

53.

54.

:X3.

Solve
x°+1

The curves intersect at x = 0 and x = =1. Both
functions are odd. Use the area’s symmetry:

i 2x 1,7
2j0{ : —x3jdx=2[ln(x2+l)—zx4}

x“+1

0

=2ln2—l
2

=ln4—lz 0.886
2

Solve sin x = x°. The curves intersect at x = 0

and x = £0.9286. Both functions are odd. Use
symmetry.

0.9286 1 0296
2.[ ' (sinx—x3)=2[—cosx—zx4)

0

0
=0.4303

First graph y=cos xand y = X2

ction

Intgrse
W=.B24izesl IV=.67919407

[-1.5, 1.5] by [-0.5, 1.5]
The curves intersect at x = £0.8241. Use NINT

_ 0.8241 2
to find 2 IO (cos x—x) dx = 1.0948.

Multiplying both functions by k will not
change the x-value of any intersection point,
so the area condition to be met is

0.8241
2= 2[0 (k cos x —kx*) dx

0.8241 ’
:>2=k-2j0 (cos x— x7) dx

= 2 = k(1.0948)
= k ~1.8269.

True; 36 is the value of the appropriate
integral.

0.739
False; it is I (cos x—x)dx.
0
A
3 2\13
3 9 XX 27
E; X =(=x)dx =| —+— || =—
J, & =) {3 ZJO 2

B; the curves intersect at x =1.139. Use NINT
1.139 2
to find .[0 (e_x —(—sin 3x)j dx =1.445

Section 8.2 455

2 2
55. A; jl (ex—ljdxz(ex—lnx) —e>—In2—e
X 1

56.

57.

58.

(a) Solve for y:

x2 y2
— 5=l
a” b
2
2 2 X
yo=b"|1-—
2
X
y=1b,|[1-—
a2

(3%}

a a

2 2
2[“ b 1-2 dx or 4j“b 1-2 dx
—a az 0 az

(c) Answers may vary.

2
® [ b\/l—x—z— —19\/1—’“—2 dx or

x2
—2 dx
a

a
2
N N P
2 a2 2 a

—a

@ e 2" b,fi-

=217Bs,in‘1 (1) —%sin_l (—1)}
=mab

By hypothesis, f(x) — g(x) is the same for each
region, where f(x) and g(x) represent the upper
and lower edges. But then

b
Area = j [£(x)— g(x)] dx will be the same
a

for each.

The curves are shown for m = %:

[-1.5,1.5] by [-1, 1]
In general, the intersection points are where

5 = myx, which is where
x“+1

x=0orelse x==% fi—l. Then, because of
m
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456  Section 8.3

symmetry, the area is

2[ (Afm= ( i —mx]dx
x +1
J(1/m)—1

=2 l1n(x2 +1)—1mx2
2 2 0

ot

=m—In(m)—1.

Section 8.3 Volumes (pp. 403—414)

Exploration 1 Volume by Cylindrical Shells
1. Its heightis f(x)=3x, —x7.

2. Unrolling the cylinder, the circumference
becomes one dimension of a rectangle, and the
height becomes the other. The thickness Ax is
the third dimension of a slab with dimensions

27 (x; +1) by 3x; —x;2 by Ax. The volume

is obtained by multiplying the dimensions
together.

3. The limit is the definite integral
3
jo 27 (x+1)(3x—x?)dx
457

4. 28
2

Exploration 2 Surface Area

2
b dy
1. ja 2ﬂy‘,1+(aj dx
The limit will exist if fand f’ are continuous

on the interval [a, b].

. d
2. y=siny, 502 =cosx and
dx

2
b
j 27y /1+(ﬂj dx
a dx
:j(;r27zsin)cxll—kcos2 xdx

=14.424.

3. \/;SO—Z
y= W

LN 1+[

and

) 2

dx=36.177
2/x ]
Quick Review 8.3

1. 2

5. b=xand h:?x, s0 Area:%bhzgxz.

2
6. b=h=x,s0 Area=%bh=x—.

X
b =xand
2
1 15
2
- Joxh) - 2) AL

1\/52

Area=—bh=
2 4

9. This is a 3-4-5 right triangle. b = 4x, h = 3x,
and Area = %bh = 6x%.
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10.

The hexagon contains six equilateral triangles
with sides of length x, so from Exercise 5,

ﬁxzjzﬁﬁ
2

Area = 6{
4

Section 8.3 Exercises

1.

2.

In each case, the width of the cross section is

w=21-x%.

(a) A:ﬂ'r2, where r:%, )

2
A(x) = ;z(%j = (- 3.

(b) A:s2, where s = w, so

A(x) = w? = 4(1-x7)

w
(©) A:s2, where s =—, so

7
W 2
A(x) = (ﬁj =2(1-x°).

d A= ?wQ (see Quick Review Exercise

5), so
2
A(x):§(2 1—x2) =31-%).

In each case, the width of the cross section is

w=2\/z
(a) A:ﬂ'r2, where r:%, SO
W 2
Ax)=r| — | =xnx.
(x) (J
(b) A= s2, where s =w, so A(x) = w? = 4x.
2 w
(¢) A=s", where s=—, so
V2

2
A(x) = (%j =2x.

. The cross section has width w=2v1—x

Section 8.3 457

d A= T3w2 (see Quick Review Exercise

5),s0 A(x)= \/5 (2\/;)2 = \/gx.

4

. A cross section has width w= 2\/; and area

2
A(x) = 52 = (lJ =2x. The volume is

N

4
IO 2xdx=[x*]3 =16.

. A cross section has width

w=2-x*)—x>=2-2x* and

2
area A(x) = 712 = n[%) = 71— x%)2. The
volume is

1 1
-[—1 (1—)62)2 dx = ”-[—1 (x4 257 +1)dx
1
=ﬂ[lx5 —2x3 +x}
5 3 )

16
=—T.
15

2 and

area A(x) = sP=w?= 41— xz). The volume
is

El 41— x2) dx =4ji1 (1= x2)dx

1
=4{x—lx3}
3L

_16
7

. A cross section has width w =2v1—x2 and

2
area A(x)=s2=(i] =2(1—x%). The

V2

1 1
volume is .[—1 2(1- xz)dx = 2.[_1 1- xz)dx

1
=2{x—lx3}
3

_8
T
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7. The solid is a right circular cone of radius 1

9.

and height 2.

v=Llpn =1(7zr2)h =l(7z-12)-2 _2,
3 3 3 3

Using integration: A cross section has radius

2
(1—%xj and area A(x):n(l—%xj . The

2 1Y
volume is V=I0 ﬁ[l—;x} dx

The solid is a right circular cone of radius 3
and height 2.

v=Llpn =1(m2)h =l(7z-32)-2 =671
3 3 3

Using integration: A cross section has radius

2
(%j and area A(y)=7 (%j . The volume

2
2
is V=J‘0 ﬁ[%j dy
_9 2 9
‘Z”on dy
2
3
9
=6r.

. . V3
A cross section has radius r = tan (Z yj and

area A(y)= 7r? =7 tan? (% yj . The volume

1
.ol V4 4 V4
is Ioﬂtanz (Z yjdy = ﬁ[;tan (Z yj— y}o
= ﬁ[i—l)
V4

=4-r.

10. A cross section has radius r = sin x cos x and

11.

area A(x) = zr* = sin? xcos® x. The shaded

region extends from x = 0 to where sin x cos x

. V3 .
drops back to 0, i.e., where x = 5 Now, since

08 2x = 2¢0s° x —1, we know

2 1+ cos2x

cos” x = and since

cos 2x = 1 — 2sin? x, we know
.2 1—cos2x
sin“x = ————.
2

72 .
IO/ 7rs1n2x cos? x dx

dx

_ ”J~7r/21—cos2x . 14+cos2x
0 2 2
= Erﬂz(l —cos? 2x)dx
490

12
- fj” sin? 2xdx
4o

.4 J~7r/2 1—cos4x dx

470 2
T c7l2
_§j0 (1-cos4x)dx

pe 1 /2
=—| x——sindx
8{ 4 }0

)]

”2

16

1 1 1

i X

A cross section has radius 7 = x2 and area

A(x) = 7r* = zx*. The volume is

2
2
_[ rxt dx=7{lx5} =32—”.
0 5 o 5
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12.

13.

14.

— X

8

A cross section has radius 7 = x> and area

A(x) = 7r? = 7x°. The volume is

2
2
Iﬂx6dx:n lx7 :@.
0 7 o 7

The solid is a sphere of radius r = 3. The
volume is %7[}’3 =36r7.

Using integration: A cross section has radius

2
9—x? and area A(y)=ﬂ(\/9—x2) . The
2
3
volume is V =I_3ﬁ(v9—x2) dx

= 7z'.|._33 9- X2 )dx

1 3
=7r[9x——x3}
313

=36x.

L L L L
X
2

The parabola crosses the line y = 0 when

x— x*=x(1-x)=0,ie,whenx=0orx=1.
A cross section has radius 7 = x — x2and area
A(x) = rt = (x— xz)2 = 7r()c2 —2x0 + x4).

15.

16.

17.

Section 8.3 459

The volume is
I;ﬂ(xz —2x3 + 2 )dx

L L L L L
X
2

Use cylindrical shells: A shell has radius y and
height y. The volume is

1
1 _ 1 3] 2
[,270 —2fr[§y L—gn.

1 1 1 1 Ly y

2
Use washer cross sections: A washer has inner
radius r =x, outer radius R = 2x, and area

A(x) = 7(R*> — r*) = 3zx>. The volume is

| 157
_[ 32 dx = 3ﬂ[—x3} =T.
0 3 0

5 X

The curves intersect when x2 +1=x+3,
which is when x2 —x-2=(x-2)(x+1) =0,
i.e., when x =-1 or x =2. Use washer cross
sections: a washer has inner radius r=x2 +1,
outer radius R = x+3, and area
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A(x) = 2(R* = r?) 19.
:ﬂ[(x+3)2—(x2+1)2} T

=7Z'(—x4 —x? +6x+ 8).
The volume is tj

2
-[—1 71'(—x4 —x? +6x+ 8) dx

15 1 2
:ﬂ-|:__x5__x3+3_x2+8x:| TR R N R TR N N N
5703 B

T X
2
32 8 1 1 Use washer cross sections: a washer has inner
=r|| ———-=+12+16 |-| =+=+3-8 . .
5 3 5 3 radius r =secx. outer radius R = \/5, and
1177 2
_ 1.8933 -2 x -3
area 27 (x)| 3 —— |dx,
5 Io ( )[ 10 J
18. y Thi‘VOlume is
S5+ 3 2
L -[—71'/4 m(2—sec” x)dx
= 7r[2x —tan x]’_[,/;h
=7 z —-11- _£ +1
2 2
=r’-or.
1 1 1 1 1 1 o y
2’0' ! L L L L G
The curves intersect when 4 —x2=2—x, 4
which is when x2—x—-2=(x-2)(x+1)=0,
i.e., when x = —1 or x = 2. Use washer cross |
sections: a washer has inner radius r =2 —x, .
outer radius R =4 —x2, and area |

P2 2
Alx) = Z(R r2 )2 ) The curves intersect where —/x =—2, which
- 7[[(4_ )T =2-x) } is where x = 4. Use washer cross sections: a

=7(12+4x-9 2+t ). washer has inner radius r=+/x , outer radius

The volume is R=2, and area A(x)=(R>—r?)=7m(4-x).

2
I_lir(12+ 4x—9x% +x*M)dx The volume is
| P 4 1, 4
:7{12x+2x2—3x3+—x5} J.() Z(4-x)dx=x 4x—5x =8z
5 15 0
:7{(24+8—24+35—2)—{—12+2+3—%ﬂ 21. Y
_ 1087 2
5 i
i x
2

. T .
The curves intersect at x = Z A cross section
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22,

23.

has radius r =+/2 —sec xtan x and area

2
A(x) = wrl = n(ﬁ —sec xtan x) . The
volume is

_[:/4%(\/5 —sec xtan x)2 dx

= Ig/4ﬂ(2—2\/§secxtanx+secz xtan? x)dx

1 /4
= E[Zx— 2\/5 sec x+§tan3 x}

:;{(%—4+%)—(—2\/§)}

= 2.301

0

y

1 1 1 1 Ly x

The curve and horizontal line intersect at

T . . .
X = E A cross section has radius 2 — 2 sin x

and area A(x)= art = 47(1—sin )c)2
= 47(1-2sin x +sin> x).
The volume is

/2
j” 47 (1—2sin x +sin? x) dx

0
/2 -
=j0” 4%(1—2Sinx+#jdx

3 1 /2
=4r| —x+2cosx——sin2x
2 4

= 47[(3—”—2j
4

=n(3r—8)

0

A cross section has radius r =~/5 y2 and area

24,

25.

26.

Section 8.3 461
A(y) = zr® =5my*.

1
The volume is .[_1575)14 dy = 7z'[ys]l_1 =2r.

5

3/2

A cross section has radius » = y”'~ and area

2

Aly)=nr" = 7ry3. The volume is

2 147
J. 7Z'y3dy=ﬂ' —y4 =4r.
0 47

y

1 : 1 1 1

2
Use washer cross sections. A washer has inner
radius r = 1. Outer radius R =y + 1, and area

A(y) = (R* = r?)
= 2l(y+1* -1
= 7(y> +2y).
The volume is

X

1 1 by
J.ﬂ(y2+2y)dy=7r|:—y3+y2} =_7.
0 3 b 3

1 1 1 Ly y

2
Use cylindrical shells: a shell has radius x and
height x. The volume is

1

1 _ 1 3 _g
jozn(x)(x)dx_zﬂ[gx L_ N
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217.

28.

29.

Section 8.3

y

1 1 1 1 Ly

4
Use cylindrical shells: A shell has radius x and

height x2. The volume is
2 14T

j 2ﬂ(x)(x2)dx=2ﬂ[—x4} =87.
0 4"

2

The curves intersect at x =0 and x = 1. Use
cylindrical shells: a shell has radius x and

height Jx = x. The volume is

Iy Jx—x0)dr=2 2 5n 15
-[O (X)) Nx—x)dx=2rx gx —gx ,

X

l

[-1, 5] by [-1, 3]
The curved and horizontal line intersect at
4, 2).

(a) Use washer cross sections: a washer has
inner radius r = \/; , outer radius R =2,
and area A(x) = ﬂ'(R2 - r2) =r(4-x).
The volume is

4

4 1
j r4-x)dx=r|dx——x>| =8x
0 2 0

(b) A cross section has radius r = y2 and area
A(y)= zr? = 7Z'y4.
The volume is

2
2 4 1 5 32
zy dy=rm|~- =
IO re {5)) }o 5

(c) A cross section has radius r :2—\/; and

area A(x) = zr?

=7r(2—\/;)2
=z(4—ax+x).

The volume is

j;;z(4 —adx +x)dx

4
=7{4x—§x3/2 +lx2}
3 2 0
_3z,

3

(d) Use washer cross sections: a washer has

inner radius r=4— y2 , outer radius R =4,

and area A(y)=7(R>—r?)
= (16— (4~ y*)?*]
=8y -y
The volume is
2
2 8 1
f 78y’ —yhdy=7| =y -2y
0 3 57 1o
_ 2247

15

30.

[-1,3] by [-1, 3]
The slanted and vertical lines intersect at
(1, 2).

(a) The solid is a right circular cone of radius
1 and height 2. The volume is
Lot =Lmty =22

3 3 3 3

Using integration: A cross section has

radius 1—% and area

Copyright © 2012 Pearson Education, Inc. Publishing as Prentice Hall.



2
A(y) = zrl = ﬁ[l—%j . The volume is

2 y 2
V=J‘07Z'[1—Ej dy
_ 2 1 2
—ﬂfo(l—y+2y jdy
2
1 o 1 3
=7|y-——y +—
[y 2 12y}O
2
==7.
3

(b) Use cylindrical shells: shell has radius
2 — x and height 2x. The volume is

[ 27202 dx = 4n[ (22— xP)dx
0 o

1
=47{x2—lx3}
3D

31.

[-2,2] by [-1, 2]
The curves intersect at (1, 1).

(a) A cross section has radius r=1— x* and
area
A(x) = = (- xz)2 =x(l- 257 + x4).
The volume is

1
-[—1 (- 252 + 2 )dx

1
=7{x—2x3 +lx5}
3 5 15

_l6r
15"

Section 8.3 463

(b) Use cylindrical shells: a shell has radius
2—y and height 2\/; . The volume is

jgzn(z—y)(z\/})dy

= 47Z'J‘; (2\/; - y3/2 )dy

1
=4ﬂ[£y3/2 _Eys/z}
3 57,

_S6r
15

(¢) Use cylindrical shells: a shell has radius
y+1 and height 2\/; . The volume is

jgz;z(yﬂ)(z\/})dy

|
a2 52 2 30
—47{5y +3y L
_oir
15

32. (a) A cross section has radius r = h(l —%)

2
and area A(x)= r* = h? (1 —%) . The

volume is

b x 2 b x 3P
jnhz -2 dx=nh?|-2|1-2
0 b 30 b
0
=Z i
3

(b) Use cylindrical shells: a shell has radius x
and height h(l —gj The volume is

2
jbzzz(x)h(l—fjdx = 2ﬂ'hj-b{x—x—jdx
0 b ol

1 37
=o7h| —x? -2
27 3

0
=Zpn.
3
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33. A shell has height 12(y* —y?). 34. A shell has height

2 4 4
AN DO A P
(a) A shell has radius y. The volume is 2 4 2 Y 4

1
[,270m20° =y dy
(a) A shell has radius y. The volume is

1
=24”.[ (y3—y4)dy 2 5 y4
L IO 22O Y= |
—247{ y ——y}
4 57 1o or 14 1 g 2
_o7. PR YR
: _87
(b) A shell has radius 1—y. The volume is 3
J‘; 27(1- y)12(y2 _ y3)dy (b) A shell has radius 2 — y. The volume is
4
2 2.y
1 27(2—- —-—|d
1
15 1 4 13
=24z| =y ——y* 4= =2z =y +2y? |y
{5)} PR l) I ( J
4
R =27 [1 R +zy3T
24 10 4 37
8 87
(¢) A shell has radius g— y. The volume is =?'
jol 2;:[%— y]lZ( y2=y3)dy (¢) A shell has radius 5 — y. The volume is
4
24 J‘l 4 13 3 8 » d ‘[02271'(5—}7)[)12—))7de
ol TSIV
1
1 5 13 4 8 3 =2 [ +5 Jd
=24zl -y’ ——y +— -y y
{sy 207 157 i
=2r. 2
1 15 14 5 3}
=] — 0=y =yt 42
5 {24y FEAVERE T
(d) A shell has radius y+§. The volume is =87
jlzzz +2 12(y%> = y})d 5
o\ YT A Ty (@) A shell has radius y + £ The volume s
1 4,33 2 2) 4
=24r| |-y +=y +=y" |dx 2 5
i ey
1
1 3 2
=214r|——y +—y +— 2 5 4 2
[ A 15y} = RN A S 2 i PN
. o 4 32 8

2
L6 1 s, 14,5
[ %Y Tt Ty 24y}0

=4r.
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35.

36.

37.

A shell has radius x and height

=)=
x—|—=|==x
2) 2

The volume is

IOZ 272(x) @ xj dx=n{x’|j =87.

y

2

x*=2—x atx = 1. A shell has radius x and

height 2 — x — x2. The volume is

1 2
L)Z/r(x)(Z—x—x Ydx

1
= 27{x2 —lx3 _lX4}
3 4

0
_sx
6
y
ab
1 1 1 4 X
A shell has radius x and height Jx. The
volume is
4

4
[T 270 (x) dx = 2;{3)?’2} _ 1287

0 5 0 5

38.

x 39.

_Iz
15

The functions intersect where
2x—1=+/x,ie,atx=1.

A shell has radius x and height

Jx —=(2x=1) =+/x —=2x+1. The volume is

jé 27(x)(x —2x+1) dx

1
= 2ﬂ'J‘0 ()c3/2 —2x% + X)dx

2 2 1
= 27{—x5/2 s

5 3 2

V3 oo

4

\% =L;[x/§sinxdx

= x/g.[gzsinxdx

= \/5[—008)6]6[
=243.

- 4j”sin x dx
0

T

= 4[~cos x];

=8.

(a) A(x)=7xr?

(3]

V4
= Z(sec X—tan x)z,

and

Copyright © 2012 Pearson Education, Inc. Publishing as Prentice Hall.
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A cross section has width w = 2+/sin x.

@ Ax)=—w —x/gsinx, and

(b) A(x)= s> = w? =4sin x, and

V=j”4sinxdx
0

40. A cross section has width w = sec x —tan x.
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